A prediction model to identify hospitalised, older adults with reduced physical performance by Hansen Bruun, Inge et al.
Syddansk Universitet
A prediction model to identify hospitalised, older adults with reduced physical
performance
Hansen Bruun, Inge; Maribo, Thomas; Nørgaard, Birgitte; Schiøttz-Christensen, Berit; Backer
Mogensen, Christian
Published in:






Publisher's PDF, also known as Version of record
Document license
CC BY
Citation for pulished version (APA):
Hansen Bruun, I., Maribo, T., Nørgaard, B., Schiøttz-Christensen, B., & Backer Mogensen, C. (2017). A
prediction model to identify hospitalised, older adults with reduced physical performance. B M C Geriatrics,
17(1), [281]. DOI: 10.1186/s12877-017-0671-5
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 09. Sep. 2018
RESEARCH ARTICLE Open Access
A prediction model to identify hospitalised,
older adults with reduced physical
performance
Inge H. Bruun1,2* , Thomas Maribo3,4, Birgitte Nørgaard5, Berit Schiøttz-Christensen2,6 and Christian B. Mogensen2,7
Abstract
Background: Identifying older adults with reduced physical performance at the time of hospital admission can
significantly affect patient management and trajectory. For example, such patients could receive targeted hospital
interventions such as routine mobilisation. Furthermore, at the time of discharge, health systems could offer these
patients additional therapy to maintain or improve health and prevent institutionalisation or readmission. The
principle aim of this study was to identify predictors for persisting, reduced physical performance in older adults
following acute hospitalisation.
Methods: This was a prospective cohort study that enrolled 117 medical patients, ages 65 or older, who were
admitted to a short-stay unit in a Danish emergency department. Patients were included in the study if at the time
of admission they performed ≤8 repetitions in the 30-s Chair-Stand Test (30s–CST). The primary outcome measure
was the number of 30s–CST repetitions (≤ 8 or >8) performed at the time of follow-up, 34 days after admission.
Potential predictors within the first 48 h of admission included: age, gender, ability to climb stairs and walk 400 m,
difficulties with activities of daily living before admission, falls, physical activity level, self-rated health, use of a
walking aid before admission, number of prescribed medications, 30s–CST, and the De Morton Mobility Index.
Results: A total of 78 (67%) patients improved in physical performance in the interval between admission and
follow-up assessment, but 76 patients (65%) had persistent reduced physical performance when compared to their
baseline (30s–CST ≤ 8). The number of potential predictors was reduced in order to create a simplified prediction
model based on 4 variables, namely the use of a walking aid before hospitalisation (score = 1.5), a 30s–CST ≤ 5 (1.8),
age > 85 (0.1), and female gender (0.6). A score > 1.8 identified 78% of the older adults who continued to have
reduced physical performance following acute hospitalisation.
Conclusion: At the time of admission, the variables of age, gender, walking aid use, and a 30s–CST score≤ 5 enabled
clinicians to identify 78% of older adults who had persisting reduced physical performance following acute hospitalisation.
Trial registration: ClinicalTrials.gov Identifier: NCT02474277. (12.10.2014).
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Background
Activities of daily living are essential for maintaining inde-
pendence and for participating in meaningful activity. For
older adults, and especially frail, older adults, hospitalisation
poses a risk of triggering persistent functional decline,
largely by ushering in a period of reduced activity [1–3].
Despite this foreknowledge, older adults who are admitted
to medical departments continue to spend more time lying
in bed than sitting, standing, or walking [4–7].
The ageing process entails a loss of muscle mass,
followed by reduced physical performance and
functional decline [1, 8]. In order to mitigate the risk of
accelerating this process, it is important to identify frail,
older adults at or near the time of hospital admission.
This would permit the application of targeted hospital
interventions, such as routine patient mobilisation, that
can be used to prevent physical decline. Furthermore, at
the time of discharge, health systems can elect to offer
such patients additional therapy or supports with the
intent of maintaining and improving health and preventing
institutionalisation or readmission.
However, identifying such patients is challenging,
largely because valid information on previous physical
performance level is often lacking.
Existing screening tools used at the time of admission
focus primarily on adverse outcomes such as readmission
and functional decline [9]. They have shown limited
reliability [9] and are based entirely on self-reported infor-
mation [10]. At a hospital level, self-reported information
provides important information on previous functioning,
but older adults often overestimate their own functional
abilities [11, 12].
The 30-s Chair-Stand Test (30s–CST) and a cut-off point
of 8 repetitions can predict the loss of functional mobility in
older, community-dwelling adults [13]. Furthermore, phys-
ical performance measures have demonstrated predictive
ability in acute, admitted older adults [14–21]. While a pre-
diction model based solely on physical performance can lead
to misclassification, since performance often improves from
admission to discharge [17, 18], it remains true that most
older adults with reduced physical performance at the time
of admission continue to have poor performance at
discharge [22].
This study aimed to identify predictors for persisting,
reduced physical performance in older adults following
acute hospitalisation.
The objectives were: 1) to describe changes in physical
performance in older adults from admission until a
minimum of 14 days after admission; 2) to identify
potential predictors at admission for those older adults
who have persistent reduced physical performance
following hospitalisation; and 3) to develop a simple pre-
diction model that will enable clinicians to identify at
the time of admission those older adults who will
continue to have reduced physical performance
following acute hospitalisation.
Methods
Study design and participants
A prospective cohort study was conducted in a short-
stay unit in a Danish emergency department (ED) from
December 2014 to May 2015 [23]. In Denmark a short-
stay unit provides targeted care for 48–72 h, followed by
patient discharge or transfer to an in-patient unit. All
participants were enrolled consecutively and assessed
within the first 48 h of admission and again at a follow-
up home visit that took place a minimum 14 days after
the date of admission.
We recruited patients ages 65 years or older who were
admitted to the short-stay unit, who resided in the
hospital’s catchment area, and who were admitted with a
medical diagnosis (rather than a surgical or psychiatric
diagnosis). Common medical diagnoses included infec-
tion, thromboembolic disease, musculoskeletal disease,
and cardiovascular disease, but not patients with obvious
signs of stroke or ST-elevation myocardial infarctions.
Patients were enrolled in the study if they demonstrated
reduced physical performance within the first 48 h of
admission, specifically if they performed ≤8 repetitions
in 30s–CST. We assumed that older adults who
performed >8 repetitions in the 30s–CST were without
significant risk of losing functional mobility, and hence
the rationale for their exclusion from the study.
Additional inclusion criteria included patient ability to sit
on a chair independently within the first 48 h of admis-
sion, patient orientation to time and place, and patient
ability to speak and understand Danish. Patients who
could not walk at their baseline health were excluded.
Outcome measurement
The sole study outcome measurement was the 30s–CST.
Older adults with a 30s–CST ≤ 8 were classified as hav-
ing reduced physical performance, whereas those with a
30s–CST > 8 were considered to have non-reduced
physical performance. The cut-off point was chosen
based on evidence that community-dwelling older adults
scoring ≤8 in the 30s–CST are at risk of losing
functional mobility. This cut-off point was deemed to
have acceptable validity and reliability [13, 24].
Potential predictors
The following self-reported information was collected in
the process of evaluating potential predictors of persist-
ent, reduced physical performance: age, gender, and
mobility (climbing stairs and walking 400 m) [25].
Patients were asked if they had experienced difficulties
with activities of daily living (ADL) within the last 2
weeks before the admission [26], if they had experienced
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falls, if they had participated in moderate physical activity
(excluding ADLs) that was strenuous enough to increase
work of breathing and pulse, how they perceived their
health [27], and finally if they had used a walking aid
before admission [28]. Additional potential predictors
included the number of prescribed medications (taken
from medical records) and physical performance as
assessed by the 30s–CST and the De Morton Mobility
Index (DEMMI) [29].
The 30s–CST assesses lower-body strength and has
moderate inter-rater reliability for acute, admitted ‘medical’
patients. A floor effect at the time of admission makes the
test only moderately feasible in an acute care setting, but
on the other hand the simplicity of the test facilitates its use
in a busy, short stay unit [15]. The 30s–CST was performed
by counting the number of times in a 30 s interval that a
patient can stand from a sitting position with their hands
crossed against their chest [30]. A Minimum Importance
Change (MIC) on 2.9–2.6 stands has been determined for
the 30s–CST [31].
DEMMI assesses mobility and balance through 15
hierarchical items and provides a score between 0 and 100
[29]. DEMMI is a valid and reliable measurement of these
parameters for both hospitalised and community-dwelling
older adults [14, 32–34]. A Minimal Detectable Change
MDC90 of 9.0 and a Minimal Clinically Important Differ-
ence (MCID) of 10.0 has been determined for DEMMI [32].
Information on living arrangement, education, acute diag-
nosis, destination after ED (home or another department),
and contact with social services before hospitalisation was
collected either as self-reported information or from medical
records, and used as demographic factors. Cognitive
performance was tested using the Orientation–Memory–
Concentration Test (OMC) [35].
Procedure
On weekday mornings, a physiotherapist recruited and
tested patients for eligibility. Included patients provided
written consent for study enrolment. In the 30s–CST
assessment, patients who were unable to stand with their
hands crossed against their chest scored 0. Patients who
completed the task in a practice test, but were unable to
stand in the actual test scored 1. To avoid fatigue after
the 30s–CST test, we collected self-reported information
before testing patients with the DEMMI. The DEMMI
protocol was followed, except for the ‘sit to stand no
arms’ (DEMMI item 6), as this had been demonstrated
in the 30s–CST. After data collection, there was no
further contact between the patient and the physiother-
apist. The health staff had no access to study data and
treatment was unaffected by study participation.
To inoculate post-discharge physical performance
assessments from bias, a second physiotherapist, who
did not perform the initial assessment, was selected to
perform the follow-up assessment. If the patient was
unable to participate at the originally scheduled post-
hospital assessment then a later visit was scheduled soon
thereafter. At the follow-up assessment, the 30s–CST
and DEMMI were conducted with a ten-minute break
between tests.
Statistical methodology
The sample size was calculated on the following
assumption: for a multivariate analysis of potential
predictors n = 50 + 8×, where x is the number of inde-
pendent variables [36]. Since we anticipated a 20% drop-
out rate, a total of 156 patients were required as a
precondition to including 10 potential predictors.
Potential predictors were classified into the following five
domains: 1) demographic: age and gender; 2) self-reported
mobility: walking 400 m, climbing a flight of stairs, walking
aid use before admission, and falls; 3) self-reported habitual
physical status: physical activity, self-rated health, and
difficulties with ADLS in the 2 weeks before admission; 4)
polypharmacy: number of prescribed medications; and 5)
presenting physical performance: the 30s–CST and the
DEMMI at the time of admission.
For the univariate logistic regression analysis, all
continuous variables were dichotomised, with the excep-
tion of age, which was classified into 5 levels given the
known association between age and physical perform-
ance. Cut-off points for continuous variables were based
on Receiver Operating Characteristics (ROC) for the
study data and on a literature review. In the literature
we found a relationship between the ability to rise a
maximum of five times and the risk of sarcopenia [37]
and polypharmacy, as defined by ≥10 drugs associated
with physical performance [38]. We found no recom-
mended cut-off points for DEMMI. However, for semi-
independent community-dwelling seniors, a score of 76.5
(95% CI 73.1–79.9) had previously been reported [39]. The
ROC analysis revealed cut-off points at 30s–CST= 5,
polypharmacy = 16 and DEMMI = 57 (see Additional file 1).
We used the cut-off points found in the literature, except
for DEMMI, for which the ROC cut-off 57 was used on
account of the fact that acutely hospitalised older patients
have lower physical performance than community-dwelling
older adults [40]. Factors on ordinal scales were dichoto-
mised (without difficulty or with difficulty/not at all).
For the multivariate analysis, age and gender were pre-
selected [13, 17, 39–42]. The smallest numbers of events
determined the permitted number of predictors [43].
Potential predictors were included in the multivariate
analysis using the following data reduction: 1) potential
predictors with a p value ≤0.20 in the univariate analysis
were considered [44]; 2) if the predictors within a
domain had a moderate (>0.50) correlation, the potential
predictor with the highest odds ratio was selected; 3) the
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final selection of predictors was based on the odds ratios
and the assumed ease of use in an ED setting.
The potential predictors were tested for interaction. The
area under the curve (AUC) was used to identify the final
model and the model was tested with Hosmer–Lemeshow
and for internal validity by bootstrapping [45].
Beta coefficients were employed to calculate the total
score. The prediction model’s performance was assessed
by calculating the sensitivity/specificity and predictive
values for older adults with continuous reduced physical
performance upon follow-up. Moreover, we identified
the number needed to treat/test (NNT).
Analyses were performed using STATA 14 (Stata Statis-
tical Software, College Station, TX) in adherence with
principles outlined in the guidelines for Strengthening the
Reporting of Observational Studies in Epidemiology [46]
and Transparent Reporting of a Multivariable Prediction
Model for Individual Prognosis or Diagnosis [47].
The Regional Scientific Ethical Committees of Southern
Denmark approved this study with a waiver (20.08.2014).
As required by Danish legislation, written informed consent
was obtained from participants to permit collection of in-
formation from medical records. The project was registered
with the Danish Data Protection Agency (2008–58-0035)
and in the ClinicalTrials.gov Identifier: NCT02474277
(12.10.2014).
Results
Overall, 820 older adults were admitted to the ED during
the recruitment period and 156 patients were included in
the study. A flowchart of inclusion, reasons for exclusion,
and loss to follow-up appears in Fig. 1.
The follow-up occurred median 34 days (IQR 27–40 days)
after admission. A total of 39 (25%) of the enrolled patients
dropped out of the study prior to their follow-up assess-
ment, leaving 117 patients for further analysis.
An analysis of patients who were lost to follow up
compared to those who completed the study did not
reveal significant differences in the examined variables,
with the exception that 25 of the 39 (64%) patients who
were lost to follow up did not walk independently at
baseline compared with 50 of the 117 (43%) patients
who completed the study (p = 0.02).
The basic characteristics of the enrolled patients are pro-
vided in Table 1, as are their admission characteristics in
accordance with a 30s–CST ≤ 8 or >8 at the follow-up visit.
Overall, the median age was 77 years (IQR 71–85 years)
and 68 (58%) were females.
Patients who demonstrated reduced physical performance
at the time of follow-up were older (78 years; IQR 72–86)
than those patients who had non-reduced physical perform-
ance (75 years; IQR 70–80). Approximately one third of
patients enrolled in the study did not receive home health
care from the municipality.
As a group, the mean length of stay (LOS) was 4.3 (SD
3.8) days. Patients discharged from the short stay unit had a
mean LOS of 1.9 (SD 1.8), whereas patients transferred to a
different ward had a mean LOS of 6.2 (SD 4.0) days.
Further comparison between patients discharged from the
short stay unit and patients transferred to a different ward
showed that the former cohort had better performance
testing at admission than the latter. For patients discharged
or transferred to other wards the median 30s–CST scores
were 2 (IQR 0–6) and 0 (IQR 0–3), respectively. At follow-
up 63% of the patients discharged from the short stay unit
had a 30s–CST ≤ 8 and 67% of patients transferred to other
wards had a 30s–CST ≤ 8.
Changes in physical performance
Altogether, 78 (67%) of the patients improved their
30s–CSTs from admission to follow-up, 35 (30%) had
an unchanged 30s–CST, and 4 (3%) had a lower 30s–CST.
Although most patients improved from admission to
follow-up, 76 (65%) of patients demonstrated persisting
reduced physical performance (30s–CST ≤ 8).
More than half of patients had a 30s–CST improve-
ment of 5 (IQR 3–7.3). The improvement was substan-
tial for a sub-set of 13 patients (19%): their 30s–CST
was 0 at admission and 11 at follow-up (IQR 10–12).
For DEMMI, 88 (75%) of the patients demonstrated
improvements, whereas 16 (14%) deteriorated. The
median improvement was 18.5 points (IQR 10.3–32.5).
Potential prognostic factors associated with reduced
physical performance
Univariate analysis revealed 10 potential predictors with a
p value ≤0.20; these were selected for further analysis
(Table 2). The correlation was >0.50 or in other words of
moderate strength, within the study domains of self-
reported physical performance and presenting physical
performance (see Additional file 2). This left six potential
predictor variables for further model development, namely
climbing stairs, physical activity, self-rated health, walking
aid use, polypharmacy, and the 30s–CST, in addition to
the preselected variables of age and gender.
The final selection of predictors, based on the odds ratio
and the anticipated applicability and feasibility of use in
the ED setting, narrowed down potential predictors to
walking aid use before hospitalisation (OR: 7.1) and the
30s–CST ≤ 5 (OR: 9.1).
No significant interactions were found between potential
predictors and the outcome measurement. The AUC for
the full model was 0.80 (95% CI: 0.72; 0.89). The multivari-
ate analyses showed that walking aid use before hospitalisa-
tion had an OR of 4.4 and that a 30s–CST ≤ 5 had an OR
of 5.8 (Table 2).
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A simple prediction model
Table 3 presents the selected predictors and their beta coef-
ficients. In this sample, a score > 1.8 upon admission was
able to identify 78% of patients who continued to have a
reduced physical performance 1 month after acute hospital-
isation. Furthermore, using a score of >1.8 only 2.43 patients
were needed to identify one patient with reduced physical
performance at follow-up (number needed to test).
Discussion
In this study, the majority of acutely admitted older
adults identified with a 30s–CST score ≤ 8 at admission
improved their physical status by the time of study
follow-up. However, almost two thirds continued to have
reduced physical performance (30s–CST ≤ 8). Several
self-reported information and physical performance
variables were associated with persistently reduced phys-
ical performance. On admission, a prediction model
based on age, gender, walking aid use (indoor or out-
door) before hospitalisation, and a 30s–CST ≤ 5 allowed
the authors to identify 78% of the older adults who
continued to have reduced physical performance 1
month after admission.
Changes in physical performance
Our finding, that a majority of patients improved their
physical performance from the time of admission to 1
month after admission, corroborates the findings from
earlier studies that used the Short Physical Performance
Battery (SPPB) and walking speed [17, 18, 22]. In our
study 65% of patients showed reduced physical perform-
ance 1 month after admission, reinforcing the need to
provide this group with targeted interventions, since
frailty is associated with a loss of independence,
increased community costs, and readmission [13, 18, 48].
Potential prognostic factors associated with reduced
physical performance
The univariate logistic regression revealed ten potential pre-
dictors for reduced physical performance (p value ≤0.20).
Fig. 1 Flow chart of inclusion process
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Besides the preselected variables of age and gender, the
event rate allowed two potential predictors to be included
in the multivariate analysis. We selected use of walking
aid before hospitalisation and a 30s–CST ≤ 5, as they had
the highest odds ratio and were judged the most feasible
tools to use in a busy ED setting. Moreover, using walking
aids as a predictor makes clinical sense, since community-
dwelling older adults use walking aids to improve balance
and mobility [49]. On the other hand, walking aids are risk
factors for low mobility [50] and their use before hospital-
isation thus implies physical limitations and a higher risk
of losing physical ability. Walking aids were also included
in Hoogerduijn et al.’s model for assessing the risk of func-
tional decline in acutely hospitalised older adults [51]. The
other predictors in that study were a preadmission need
for assistance in instrumental activities of daily living, a
need for assistance in travelling, and a lack of education
after age 14 [51].
A simple prediction model
We found that gender, age, self-reported information on
walking aid use, and a 30s–CST ≤ 5, correctly identified
Table 1 Cohort characteristics at the time of admission
Admission characteristics by outcome status at
follow-up
All participants (n = 117) 30s–CST >8 (n = 41) 30s–CST ≤8 (n = 76)
Self-reported information n % N % n %
Living arrangement Alone 66 56 22 54 44 58
Cohabition 50 43 19 46 31 41
Nursing home 1 1 1 1
Education No vocational education 49 42 17 41 32 42
Vocational or short-term training 53 45 13 32 40 53
Medium/long/other education 15 13 11 27 4 5
Physical performance measures median IQR median IQR median IQR
30s–CSTa 0 (0–5) 5 (0–7) 0 (0–2)
DEMMIb 44 (33–62) 62 (39–67) 41 (27–53)
Cognitive level median IQR median IQR median IQR
OMCc (n = 104) 24 (20–26) 24 (22–28) 23 (18–26)
Basic Mobility n % N % n %
Unable to rise with hands crossed against the chest 48 41 28 68 20 26
Unable to walk independently 50 42 12 29 38 50
Able to walk with walking aid 32 27 8 20 24 32
Able to walk without walking aid 35 30 21 21 14 18
Extracted information n % N % n %
Discharged from ED to home 51 44 19 46 32 42
Discharged from another department 66 56 22 54 44 58
Presenting complaintsd respiratory disorder 20 23 7 23 13 23
All participants (n = 87) fever 16 18 7 23 9 16
30s–CST > 8 (n = 31) nonspecific illness 13 15 4 13 9 16
30s–CST≤ 8 (n = 56) emergency track 12 14 5 16 7 13
diarrhoea and/or vomiting due to infection 5 6 2 6 3 5
extremity pain 3 4 3 5
pain or disease in urinary tract 3 4 2 6 1 2
dizziness 3 4 3 5
chest pain 2 2 2 4
head pain 2 2 2 6
others, including falls 8 9 2 6 6 11
a 30-s Chair-Stand Test, b De Morton Mobility Index (0–100), c Orientation-Memory-Concentration Test (0–28)
d Presenting complaints were extracted from a central database, these depend on doctor’s report
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patients who had continued reduced physical perform-
ance following acute hospitalisation. Moreover, a score >
1.8 identified 78% of patients with continuous reduced
physical performance with a NTT of 2.43 patients. Clin-
ically, all predictors need to be considered, since in isola-
tion none of the model’s variables have a score > 1.8.
Our prediction model based on physical measures and
self-reported information is the first of its kind. How-
ever, a study in primary care settings concerning
community-dwelling older adults aged 65 or older has
shown that for older adults with poor health the com-
bination of physical performance measures and self-
reported information is substantially better than either
alone [52].
Existing screening tools to identify older adults who
need a comprehensive geriatric assessment (CGA) have
shown poor reliability in an acute setting [9]. Our pre-
diction model supports the identification of older adults
Table 2 Potential predictors for reduced physical performance (30s–CST ≤ 8) at follow-up (n = 117)
Univariate analysis Multivariate analysis Bootstrapping
Potential predictors 30s–CST > 8 (n = 41) % 30s–CST ≤ 8 (n = 76) % Odds Ratio 95% CI p-value Odds Ratio 95% CI p-value 95% CI p-value
Domain: Demographic
Age (years)
65–70 10 24 13 17 1
71–75 10 24 18 24 1.4 0.4–4.3 0.57
76–80 8 20 11 14 1.1 0.3–3.6 0.93
81–85 8 20 13 17 1.3 0.4–4.2 0.72
> 85 5 12 21 28 3.2 0.9–11.7 0.07 1.1 0.3–4.2 0.88 0.3–4.8 0.89
Gender
Male 21 51 28 37 1
Female 20 49 48 63 1.8 0.8–3.9 0.14 1.8 0.7–4.5 0.20 0.7–4.9 0.25
Domain: Mobility
Climbing a flight of stairs
Without difficulty 29 71 25 33 1
With difficulty/not at all 12 29 51 67 4.9 2.2–11.3 <.001
Walking 400 m
Without difficulty 27 66 31 41 1
With difficulty/not at all 14 34 45 59 2.8 1.3–6.2 0.01
Use of walking aid (in/outdoors)
Not at all 31 76 23 30 1
Sometimes/all the time 10 24 53 70 7.1 3.0–17.0 <.001 4.4 1.6–12.0 0.003 1.4–14.2 0.01
Falls
No falls 28 68 57 75 1
One or more falls 13 32 19 25 0.7 0.3–1.7 0.44
Domain: Habitual physical status
Participation in physical activity
More than once a week 20 49 14 18 1
Not at all 21 51 62 82 4.2 1.8–9.8 <.001
Self-rated health (n = 116)
Excellent/very good/good 33 82 43 57 1
Less good/poor 7 18 33 43 3.6 1.4–9.2 0.01
Difficulties in ADL
not at all 18 44 29 38 1
Some/most of the time 23 56 47 62 1.3 0.6–2.8 0.55
Domain: Polypharmacy
Polypharmacy
< 10 28 68 39 51 1
≥ 10 13 32 37 49 2.0 0.9–4.5 0.08
Domain: Presenting physical performance
30s–CSTa
Score > 5 18 44 6 8 1
Score ≤ 5 23 56 70 92 9.1 3.2–25.9 <.001 5.8 1.9–17.8 0.002 1.5–21.9 0.01
DEMMIb
Score > 57 21 51 12 16 1
Score ≤ 57 20 49 64 84 5.6 2.3–13.4 <.001
a 30-s Chair-Stand Test,b De Morton Mobility Index (0–100)
Hosmer-Lemeshow 0.19
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who could benefit from a CGA, where a functional as-
sessment is an integral part [53]. For patients discharged
to other units than the geriatrics unit, the identification
of older adults with persistent reduced physical perform-
ance might give rise to a targeted hospital intervention
such as routine patient mobilisation. Furthermore, this
study supports the evidence from other studies that self-
reported information and physical performance mea-
sures provide different and complementary information
[8]. From admission to follow-up, 19% of the patients
had a 30s–CST change from 0 to 11. Hence, if the
prediction model had been solely based on physical
performance then 19% of patients would have been mis-
classified. For every 2–3 patients tested, clinicians will
identify one patient with reduced physical performance
1 month after hospitalisation. However, since the nega-
tive predictive value is only 63%, every third with a nega-
tive test will still be at risk (Table 3). The prediction
model does not comprehensively identify all at-risk
patients, which the clinicians should be aware of. Clinic-
ally, this prediction model is easily applied: age and gen-
der are known, determining walking aid use before
hospitalisation requires one simple question, and the
30s–CST is easy to execute.
Strength and limitations
The study strength lies in its ability to assess physical
performance using a simple objective measurement in
combination with self-reported information. We used
the 30s–CST in the prediction model while recognising
that the floor effect could affect the baseline assessment.
This choice was related to the well-known improvement
in physical performance measures from admission to
discharge [17, 18, 22].
Although up to 48 h was permitted from the time of
admission to the time of baseline assessment, in practice
the timeframe was much shorter as assessments were
performed routinely every weekday morning. It follows
that the prediction model was less influenced by the
cause of hospitalisation.
The cohort included patients discharged from the short
stay unit as well as patients transferred to other wards; thus
a different risk for deterioration due to varied length of stay.
However, the number of patients with reduced physical
performance at follow-up in both groups (discharged from
short stay unit or transferred to other wards) was compar-
able. This lack of difference in deterioration can be
explained by the tiredness older adults generally experience
after an acute admission [53].
The 30s–CST was used as an outcome measure even
though the cut-off point of ≤8 for the 30s–CST is only
validated for use in active, community-dwelling, older
adults. We did so since the follow-up visit was
performed in the older adult’s home.
The binary stratification of the outcome measure
might have resulted in a misclassification of some
patients, due to the variation in patient performance
[54]. We chose this dichotomisation since it is used in
current literature [13, 24] and since it reflects recom-
mendations made in Denmark and elsewhere for screen-
ing programs for community-dwelling, older adults.
We have described the predictor selection in detail,
making the selection process easily reproducible in other
settings. We managed to reach our pre-calculated sam-
ple size, but the study is weakened by a lower event rate
than expected, which in turn restricted the number of
predictors that were included in the model. Thus, before
clinical implementation we recommend that the model’s
external validity is verified through larger studies using a
different population. Moreover, the prediction model
can only be generalised to older ‘medical’ patients who
are mentally fit and show reduced physical performance
upon admission.
Patients who were not assessed for eligibility can be seen
as introducing a selection bias. However, 55% of patients
were excluded based on organisational limitations, such as
the day of admission, since patients were only recruited
on weekdays. Of note, patients admitted on Sundays were
included if they fell within the 48-h limit for enrolment.
Patients who refused to participate generally offered two
reasons; either they felt the project was irrelevant to them
or they did not have the energy to participate.
The follow-up visits were completed at a median of
34 days (IQR 27–40) after admission, although the initial
intention was to perform follow-up 14 days after admis-
sion. Delays in the follow-up assessment were due to
patient preference, patient schedules, and the fact that
some patients had not been discharged at the time of
planned follow-up. We assume that the delay in follow-
up was beneficial for this particular study, since it can be
assumed that physical performance would have stabilised
over a longer interval of time.
Table 3 Prediction model to identify patients with persistent
reduced physical performance after hospitalisation
Predictors Beta coefficient
Age > 85 years 0.1
Female gender 0.6
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Conclusion
To minimize the risk for functional decline due to
inactivity, it is important to identify older ‘medical’
patients with reduced physical performance at the time
of admission. This might give rise to targeted hospital
interventions, such as routine patient mobilisation, that
can be used to prevent physical decline.
The presented model is easy to use in a busy ED, and
for every three patients tested, one older adult with con-
tinued reduced physical performance following hospital-
isation is identified. The model takes into account
information on age, gender, and walking aid use before
hospitalisation, combined with 30s–CST results.
Additional files
Additional file 1: ROC analysis. Receiver Operation Characteristic (ROC)
for cut-off points. (PDF 103 kb)
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health, and the 30s–CST. (PDF 103 kb)
Abbreviations
30s–CST: The 30-s Chair-Stand Test; ADL: Activities of daily living; AUC: The area
under the curve; DEMMI: De Morton Mobility Index; ED: Emergency department;
NNT: Number needed to treat; OMC: Orientation–Memory–Concentration Test;
ROC: Receiver Operation Characteristics; SPPB: Short Physical Performance Battery
Acknowledgements
We gratefully acknowledge the support from The Research Council, Lillebaelt
Hospital and The Development Council, Lillebaelt Hospital. We would like to
thank managers and staff in the Emergency Department and the
Department of Physiotherapy and Occupational Therapy at Hospital Lillebaelt
for their support.
Funding
This study was supported by The Research Council, Lillebaelt Hospital and
The Development Council, Lillebaelt Hospital.
The funding sources had no involvement in this study and had no influence
in the collection, analysis and interpretation of data, nor the writing of this
paper or the decision to submit the paper for publication.
Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.
Authors’ contributions
IHB, BN, TM, BSC, CBM: conceptualised the design and manuscript
development. IHB: data acquisition. IHB, CBM: data analysis. All the authors
participated in the critical scrutiny and revision of the manuscript, and
approved the final version.
Ethics approval and consent to participate
The Regional Scientific Ethical Committees of Southern Denmark approved
this study with a waiver (20.08.2014). Written informed consent was obtained
from all participants for collection of information from the medical records,
which is required according to Danish legislation. The project was registered
with the Danish Data Protection Agency (2008–58-0035) and in the




The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Physiotherapy, Lillebaelt Hospital, University of Southern
Denmark, Kolding, Odense, Denmark. 2Department of Regional Health
Research, University of Southern Denmark, Odense, Denmark. 3Department
of Public Health, Aarhus University, Aarhus, Denmark. 4DEFACTUM, Central
Denmark Region, Aarhus, Denmark. 5Department of Public Health, University
of Southern Denmark, Odense, Denmark. 6Spine Centre of Southern
Denmark, Lillebaelt Hospital, University of Southern Denmark, Odense,
Denmark. 7Emergency Department, Hospital of Southern Jutland, University
of Southern Denmark, Odense, Denmark.
Received: 31 May 2017 Accepted: 20 November 2017
References
1. Gill TM, Allore HG, Gahbauer EA, Murphy TE. Change in disability after
hospitalization or restricted activity in older persons. JAMA. 2010;
304(17):1919–28.
2. Gill TM, Williams CS, Tinetti ME. The combined effects of baseline
vulnerability and acute hospital events on the development of functional
dependence among community-living older persons. J Gerontol A Biol Sci
Med Sci. 1999;54(7):M377–83.
3. Zisberg A, Shadmi E, Gur-Yaish N, Tonkikh O, Sinoff G. Hospital-associated
functional decline: the role of hospitalization processes beyond individual
risk factors. J Am Geriatr Soc. 2015;63(1):55–62.
4. Pedersen MM, Bodilsen AC, Petersen J, Beyer N, Andersen O, Lawson-Smith
L, Kehlet H, Bandholm T. Twenty-four-hour mobility during acute
hospitalization in older medical patients. J Gerontol A Biol Sci Med Sci.
2013;68(3):331–7.
5. Villumsen M, Jorgensen MG, Andreasen J, Rathleff MS, Molgaard CM. Very
low levels of physical activity in older patients during hospitalization at an
acute geriatric Ward: a prospective cohort study. J Aging Phys Act. 2015;
23(4):542–9.
6. Fisher SR, Goodwin JS, Protas EJ, Kuo YF, Graham JE, Ottenbacher KJ, Ostir
GV. Ambulatory activity of older adults hospitalized with acute medical
illness. J Am Geriatr Soc. 2011;59(1):91–5.
7. Brown CJ, Redden DT, Flood K, Allman RM. The underrecognized epidemic
of low mobility during hospitalization of older adults. J Am Geriatr Soc.
2009;57(9):1660–5.
8. Elisabetta S, Stefano V, Giovanni Z, Jack MG. Assessment of mobility status
and risk of mobility disability in older persons. Curr Pharm Des. 2014;20(19):
3099–113.
9. Carpenter CR, Shelton E, Fowler S, Suffoletto B, Platts-Mills TF, Rothman RE,
Hogan TM. Risk factors and screening instruments to predict adverse
outcomes for undifferentiated older emergency department patients:a
systematic review and meta-analysis. Acad Emerg Med. 2015;22(1):1–21.
10. Bissett M, Cusick A, Lannin NA. Functional assessments utilised in
emergency departments: a systematic review. Age Ageing. 2013;42(2):163–72.
11. Sager MA, Dunham NC, Schwantes A, Mecum L, Halverson K, Harlowe D.
Measurement of activities of daily living in hospitalized elderly: a
comparison of self-report and performance-based methods. J Am Geriatr
Soc. 1992;40(5):457–62.
12. Roedersheimer KM, Pereira GF, Jones CW, Braz VA, Mangipudi SA, Platts-
Mills TF. Self-reported versus performance-based assessments of a simple
mobility task among older adults in the emergency department. Ann
Emerg Med. 2016;67(2):151–6.
13. Rikli RE, Jones CJ. Senior fitness test manual. 1st ed. Fullerton: California
State University; 2001.
14. de Morton NA, Davidson M, Keating JL. Reliability of the de Morton mobility
index (DEMMI) in an older acute medical population. Physiother Res Int.
2011;16(3):159–69.
15. Bodilsen AC, Juul-Larsen HG, Petersen J, Beyer N, Andersen O, Bandholm T.
Feasibility and inter-rater reliability of physical performance measures in
acutely admitted older medical patients. PLoS One. 2015;10(2):e0118248.
16. Ostir G, Berges I. Gait speed in older patients admitted to an acute care for
elders hospital unit. J Am Geriatr Soc. 2012;60:S163.
Bruun et al. BMC Geriatrics  (2017) 17:281 Page 9 of 10
17. Volpato S, Cavalieri M, Guerra G, Sioulis F, Ranzini M, Maraldi C, Fellin R,
Guralnik JM. Performance-based functional assessment in older hospitalized
patients: feasibility and clinical correlates. J Gerontol A Biol Sci Med Sci.
2008;63(12):1393–8.
18. Volpato S, Cavalieri M, Sioulis F, Guerra G, Maraldi C, Zuliani G, Fellin R,
Guralnik JM. Predictive value of the short physical performance battery
following hospitalization in older patients. J Gerontol A Biol Sci Med Sci.
2011;66(1):89–96.
19. Bodilsen AC, Klausen HH, Petersen J, Beyer N, Andersen O, Jorgensen LM,
Juul-Larsen HG, Bandholm T. Prediction of mobility limitations after
hospitalization in older medical patients by simple measures of physical
performance obtained at admission to the emergency department. PLoS
One. 2016;11(5):e0154350.
20. Peel NM, Kuys SS, Klein K. Gait speed as a measure in geriatric assessment
in clinical settings: a systematic review. J Gerontol A Biol Sci Med Sci. 2013;
68(1):39–46.
21. De Buyser SL, Petrovic M, Taes YE, Vetrano DL, Onder G. A multicomponent
approach to identify predictors of hospital outcomes in older in-patients: a
multicentre, observational study. PLoS One. 2014;9(12):e115413.
22. De Buyser SL, Petrovic M, Taes YE, Vetrano DL, Corsonello A, Volpato S,
Onder G. Functional changes during hospital stay in older patients
admitted to an acute care Ward: a multicenter observational study. PLoS
One. 2014;9(5):e96398.
23. Bruun IH, Mogensen CB, Nørgaard B, Schiøttz-Christensen B, Maribo T.
Validity and responsiveness to change of the 30-second Chair-Stand Test in
older adults admitted to an emergency department. J Geriatr Phys Ther.
2017;00:1-10. doi:10.1519/JPT.0000000000000166.
24. Rikli RE, Jones CJ. Development and validation of criterion-referenced
clinically relevant fitness standards for maintaining physical independence
in later years. Gerontologist. 2013;53(2):255–67.
25. Fried LP, Guralnik JM. Disability in older adults: evidence regarding
significance, etiology, and risk. J Am Geriatr Soc. 1997;45(1):92–100.
26. Isaia G, Bo M, Aimonino N, Isaia GC, Michelis G, Miceli C, Balcet L, Tizzani A,
Zanocchi M. Functional decline two weeks before hospitalization in an
elderly population. Aging Clin Exp Res. 2010;22(4):352–5.
27. Hansen AW, Beyer N, Flensborg-Madsen T, Gronbaek M, Helge JW. Muscle
strength and physical activity are associated with self-rated health in an
adult Danish population. Prev Med. 2013;57(6):792–8.
28. Mahoney JE, Sager MA, Jalaluddin M. New walking dependence associated
with hospitalization for acute medical illness: incidence and significance. J
Gerontol A Biol Sci Med Sci. 1998;53(4):M307–12.
29. De Morton Mobility Index [https://static-content.springer.com/esm/
art%3A10.1186%2F1477-7525-6-63/MediaObjects/12955_2008_465_
MOESM1_ESM.pdf]. Accessed 24 Nov, 2017.
30. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower
body Ssrength in community-residing older adults. Res Q Exerc Sport. 1999;
70(2):113–9.
31. Wright AA, Cook CE, Baxter GD, Dockerty JD, Abbott JH. A comparison of 3
methodological approaches to defining major clinically important
improvement of 4 performance measures in patients with hip osteoarthritis.
J Orthop Sports Phys Ther. 2011;41(5):319–27.
32. de Morton NA, Davidson M, Keating JL. Validity, responsiveness and the
minimal clinically important difference for the de Morton mobility index
(DEMMI) in an older acute medical population. BMC Geriatr. 2010;10:72.
33. Davenport SJ, de Morton NA. Clinimetric properties of the de Morton
mobility index in healthy, community-dwelling older adults. Arch Phys Med
Rehabil. 2011;92(1):51–8.
34. de Morton NA, Lane K. Validity and reliability of the de Morton mobility
index in the subacute hospital setting in a geriatric evaluation and
management population. J Rehabil Med. 2010;42(10):956–61.
35. Wade DT, Vergis E. The short orientation-memory-concentration test: a
study of its reliability and validity. Clin Rehabil. 1999;13(2):164–70.
36. Green SB. How many subjects does it take to do a regression analysis.
Multivariate Behav Res. 1991;26(3):11.
37. Cruz-Jentoft AJ, Landi F, Topinkova E, Michel JP. Understanding sarcopenia
as a geriatric syndrome. Curr Opin Clin Nutr Metab Care. 2010;13(1):1–7.
38. Sganga F, Vetrano DL, Volpato S, Cherubini A, Ruggiero C, Corsonello A,
Fabbietti P, Lattanzio F, Bernabei R, Onder G. Physical performance
measures and Polypharmacy among hospitalized older adults: results from
the CRIME study. J Nutr Health Aging. 2014;18(6):616–21.
39. Macri EM, Lewis JA, Khan KM, Ashe MC, de Morton NA. The de Morton
mobility index: normative data for a clinically useful mobility instrument. J
Aging Res. 2012;2012:353252.
40. Fisher S, Ottenbacher KJ, Goodwin JS, Graham JE, Ostir GV. Short physical
performance battery in hospitalized older adults. Aging Clin Exp Res. 2009;
21(6):445–52.
41. Covinsky KE, Pierluissi E, Johnston CB: Hospitalization-associated disability:
"she was probably able to ambulate, but I'm not sure". JAMA 2011, 306(16):
1782-1793.
42. Vetrano DL, Landi F, De Buyser SL, Carfi A, Zuccala G, Petrovic M, Volpato S,
Cherubini A, Corsonello A, Bernabei R, et al. Predictors of length of hospital
stay among older adults admitted to acute care wards: a multicentre
observational study. Eur J Intern Med. 2014;25(1):56–62.
43. Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measuring
and reducing errors. Stat Med. 1996;15(4):361–87.
44. Altman DG. Practical statistics for medical research. 1st ed. London:
Chapman & Hall; 1991.
45. Steyerberg EW. Clinical prediction models a practical approach to
development, validation, and updating. Springer-Verlag New York; Springer;
2009.
46. Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mulrow CD, Pocock
SJ, Poole C, Schlesselman JJ, Egger M. Strengthening the reporting of
observational studies in epidemiology (STROBE): explanation and
elaboration. Ann Intern Med. 2007;147(8):W163–94.
47. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a
multivariable prediction model for individual prognosis or diagnosis
(TRIPOD): the TRIPOD statement. Eur Urol. 2015;67(6):1142–51.
48. Purser JL, Weinberger M, Cohen HJ, Pieper CF, Morey MC, Li T, Williams GR,
Lapuerta P. Walking speed predicts health status and hospital costs for frail
elderly male veterans. J Rehabil Res Dev. 2005;42(4):535–46.
49. Bateni H, Maki BE. Assistive devices for balance and mobility: benefits,
demands, and adverse consequences. Arch Phys Med Rehabil. 2005;86(1):
134–45.
50. Brown CJ, Flood KL. Mobility limitation in the older patient: a clinical review.
JAMA. 2013;310(11):1168–77.
51. Hoogerduijn JG, Buurman BM, Korevaar JC, Grobbee DE, de Rooij SE,
Schuurmans MJ. The prediction of functional decline in older hospitalised
patients. Age Ageing. 2012;41(3):381–7.
52. Studenski S, Perera S, Wallace D, Chandler JM, Duncan PW, Rooney E, Fox
M, Guralnik JM. Physical performance measures in the clinical setting. J Am
Geriatr Soc. 2003;51(3):314–22.
53. Andreasen J, Lund H, Aadahl M, Sorensen EE. The experience of daily life of
acutely admitted frail elderly patients one week after discharge from the
hospital. Int J Qualitative Stud Health Well-Being. 2015;10:27370.
54. Hardy SE, Dubin JA, Holford TR, Gill TM. Transitions between states of
disability and independence among older persons. Am J Epidemiol. 2005;
161(6):575–84.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Bruun et al. BMC Geriatrics  (2017) 17:281 Page 10 of 10
